The distribution and abundance patterns of the two species of megrim, Lepidorhombus whiffiagonis and L. boscii, in ICES Divisions VIIIc and IXa, were analysed using the data provided by bottom-trawl surveys and the Spanish fishing fleet in European Atlantic waters. The consistency of year-class strengths estimated over time from these surveys was taken as an indication of the reliability of the survey data to monitor megrim population abundance. Recruitment strength was, to a large extent, the main factor governing abundance found in successive years. This is due to the fact that the greater percentage of accessible biomass comprises 1, 2 and 3-year-old individuals. Four spot megrim (L. boscii) is currently the most abundant species in this zone due to the weak recruitment of L. whiffiagonis in recent years. As a consequence of these species' sexual differences in growth, there is a predominance of females in the larger-sized individuals of the population. From 4 years onwards, males show a higher mortality rate than females.
Introduction
The genus Lepidorhombus is represented in eastern Atlantic waters by two species: L. boscii and L. whiffiagonis. These two species replace each other within their area of distribution, each giving way to the other as the environmental conditions vary, from the Meditteranean to Iceland (Furnestin, 1935) . The area covered by the present study has been considered an overlapping area for the distribution of these two species (Whitehead et al., 1986) , and previous research in this area appears to show a degree of interspecific segregation in their habitat (Sánchez, 1993) .
In ICES Sub-areas VI, VII, VIII and IX, megrim are caught by various types of bottom-trawling gear in multispecific fisheries where, in most cases, they are the target species. In Divisions VIIIc and IXa they are caught by the Portuguese and Spanish fleets, along with hake, Nephrops and monkfish. In Division VIIIc, both species have a particularly important commerical value, despite representing a mere 5% of landings, while in Division IXa, only L. boscii shows significant landing levels (Trujillo et al., 1993) .
Until a few years ago, data available on the study area were largely from landings at commercial ports, but the abundance by age-class and by zone for both species had not been analysed. The recent increase in information, particularly regarding growth, provided by the series of trawl surveys in the area, enables us to study differences in distribution of these two closely-related species, and changes in distribution with age, and also to estimate mortality rates, sex ratios and patterns within and between the species.
Material and methods
This study is based on bottom-trawl surveys conducted by the Instituto Españ ol de Oceanografía (IEO) on the northern continental shelf of Spain (ICES Subdivisions IXa2, VIIIc1 and VIIIc2). The RV Cornide de Saavedra conducted surveys in autumn (September and October) from 1983 to 1994 (except 1987) . The methodology used in these surveys remained unchanged throughout this historic series. Trawling operations were carried out by day, at a speed of 3 knots. Hauls lasted 30 minutes, using a baka 44/60-type gear (ICES, 1991; Sánchez et al., 1991; Sánchez and Pereiro, 1992; , similar to those used by the Spanish fishing fleet in the region. The mean horizontal opening of the gear estimated with Scanmar equipment, was 22 m with a vertical opening of 1.9 m, resulting in an approximate sweep area of 60 000 m 2 . The distance between otter-boards, depending on the trawl depth and the length of wire let out, varied from 75 to 150 m.
A stratified random sampling design was applied to the entire area, covering depths of between 30 and 500 m (with special hauls as deep as 650 m) from the mouth of the Miñ o River (Spanish-Portuguese border) to the mouth of the Bidasoa River (Spanish-French border). The criteria for stratification of haul distribution were determined by selecting five biogeographical sectors and 100, 200 and 500 m isobaths, resulting in fifteen strata (Fig. 1) . For practical purposes, and to simplify the presentation of some of the results of this investigation, we grouped together the original geographic sectors so that they coincide with the ICES Subdivisions: Miñ o-Finisterre=IXa2; Finisterre-Estaca=VIIIc1 and Estaca-Bidasoa=VIIIc2 (Cantabrian Sea). The strategy used involved sampling the stratum in proportion to the surface area, as well as considering the number of ship-days available, which meant a mean of 110 hauls per survey. As an abundance index, the stratified mean catch per 30-min trawl was used, following the same methodology described by Cochran (1971) and Grosslein and Laurec (1982) . The stratified mean and variance are, respectively, and where, A=total surface area A h =surface of stratum h ȳ h =mean catch per haul in stratum h n h =number of hauls in stratum h S h 2 =variance in stratum h
For each haul, we obtained catches in weight and in number of all individuals, and length distributions by sex (males, females and indeterminates). Also, in each ICES Subdivisions a fixed number of otoliths was extracted per length-class to determine age, and agelength keys were made for each survey from 1990. Age conversions for the 1983-1989 period were made using a mean age-length key for 1990-1993. Therefore, more importance is given in this study to the results by age-class corresponding to the period subsequent to 1989. Owing to the differential growth between males and females (Landa et al., 1996) , independent keys were applied for each sex. To estimate the association between depth and abundance for each age and for the entire population, we constructed the cumulative empirical frequencies for depth (x i ) and for abundance (y i ) with respect to depth, respectively as follows:
and where,
The total number of tows independent of strata membership is n(= h n h ) and t ranges from the minimum to the maximum depth. The curves f(x i ,t) and g(y i ,t) were compared using the Kolmogorov-Smirnov test. First we compared depth frequency distributions for each age with the frequency distribution for bottom depth. We used the same test to compare the abundance distributions of two consecutive ages. To compare the abundance distributions of a group of ages (more than two), we used the Kruskal-Wallis test. For these analyses, we used the number of individuals per age-class, caught by haul.
In the bathymetric distribution analysis, new depth ranges were defined based on constant intervals of 50 m. Mean catches per 30-min haul were obtained for each depth range, with the corresponding standard deviation. In order to compare graphically the bathymetric distributions by ages, these means were standardized by depth ranges, subtracting the total mean, and dividing by the standard deviation. This deviation from the mean, measured in standard deviation units, is called standardized residual (Sokal and Rohlf, 1969) and has a mean of 0 and a standard deviation (s.d.) of 1.
The CPUE of the fleet was calculated using data obtained from shipboard observers working on the ''Discards of the Spanish Fleet in ICES Divisions'' project (Pérez et al., 1995) , financed by the European Communities Commission.
Results
Both species attained their highest values of the biomass indices in the series during 1988 (Fig. 2) . From 1989 onwards, the biomass of L. boscii remained relatively constant, with high levels relative to its values at the beginning of the series: nearly 2 kg/haul. Biomass values for L. whiffiagonis were high from 1988 to 1990, but since then have fallen to levels similar to those of the first years of the series.
Regarding estimates of L. boscii biomass per zones, we observed no marked differences among the ICES Subdivisions (Fig. 2) . The annual variations found in each zone were basically similar to those observed throughout the area as a whole. The biomass indices indicate that L. whiffiagonis (Fig. 2) is found mainly in Subdivision VIIIc2 (Cantabrian Sea), being very scarce to the south of Cape Finisterre (Subdivision IXa2). Likewise, the annual variations found in each zone are nearly the same as those found throughout the area as a whole.
Figures 3 and 4 show the abundance indices by length-class and sex of the two species during the final years of the series, along with the sex ratio. Population size structure varies with the differences in the strength of recruitment (length ranges between 6 and 8 cm, in the case of L. boscii, and between 8 and 10 cm for L. whiffiagonis). We also found that from 20-25 cm onwards, the percentage of females gradually increases, so that nearly all of the L. boscii individuals measuring more than 30 cm, and L. whiffiagonis specimens longer than 35 cm, were females.
The numerical abundance indices by age-class are given in Table 1 , showing the cohorts with a sufficient number of ages that are remarkable for having extreme values over the last 5 years. The 0-age-class of these species was not totally recruited to the gear during season when the surveys were carried out. This was due to their small size and the morphology particular to the individuals. Therefore, we did not analyse recruitment strength considering the 0-age-class alone, but rather took into account the abundance indices of age-class 1 (Fig. 5) . In the case of L. boscii, the 1991 year-class is notable, with estimated recruitment for 1990 and 1993 being the lowest in recent years. L. whiffiagonis recruitment shows variations in the indices for the first period of the historic series (Table 1) . Except for 1991, these statistics show a downward trend from 1987 onward, with estimated recruitment for 1990, 1992 and 1993 being the lowest for the entire series. We may say that, in general terms, recruitment trends are similar for both species (Fig. 5) . Figure 6 presents the abundance indices by age-class and the sex ratio since 1991, showing how strong the 1991 annual class was for both species, and the weak 1993 cohort. The largest population contingent in the area that is accessible to trawling comprises 1, 2 and 3-year-old individuals, which make up approximately 80% of the biomass.
Sex ratios vary with the age of the individuals. In the case of L. boscii, it is similar up to 4 years, and from then on, there is a higher proportion of females. As regards L. whiffiagonis, the results are more variable, although in general, after 4 years, the ratio of males decreases considerably. To analyse the possibility of differential mortality rates by sex based on this age, we used the catch curves obtained from the mean abundance indices for each age-class for 1991 and 1994 (Fig. 7) . Following the hypothesis that, at this age, catchability is independent of recruitment strength, and considering the good coverage of these surveys and the type of bottoms frequented by these species, they are unlikely to become inaccessible to this fishing gear, and the results showed a higher mortality in males. The differences are more marked in L. boscii, with an estimated Z value for males 0.8 times greater than for females.
In order to estimate whether the distribution patterns of an annual class remain stable throughout the first years of life, with no migrations able to affect their catchability, we examined the situation in the study area of the 1991 and 1992 cohorts for each of these species (Figs 8-11). 0-age-class L. boscii appear throughout the study area and beyond the 200 m isobath. 0-age-class L. whiffiagonis appear mainly in the Cantabrian Sea, near the 200 m isobath. The distribution areas in the first 3 years of a cohort are similar, overlapping being observed in the areas with higher concentrations, with the older individuals occupying the same areas where they were recruited, although with a wider range of depths. . boscii (1989-1994) . Males (); females (); indeterminates ( ). According to the abundance indices obtained to analyse bathymetric distribution (Fig. 12) , L. boscii has a preferential depth range of between 100 and 450 m (mode in 250 m), and L. whiffiagonis of between 50 and 300 m (mode in 200 m). During the first years of the decade studied (1983 and 1984) , the predominant species, at depths from 50 to 225 m, was L. whiffiagonis, and from 250 m and below, it was clearly L. boscii, there being a certain bathymetric segregation between the two species, probably to minimize interspecific competition. In the final years of the study (1992 and 1993) , the predominance of [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 L. boscii on all types of bottoms was marked. Nevertheless, both species maintained their distribution modes at the same depths in both periods (200 m for L. whiffiagonis, and 250 m for L. boscii), the only change being in their relative abundance.
Lepidorhombus boscii

Age
Both species appear to show a gradual expansion in their bathymetric distribution throughout their lifetimes, with the larger individuals tending to occupy shallower waters than the juveniles do; this was more patent in L. boscii. The Kolmogorov-Smirnov test shows that the abundance distribution of L. boscii is not associated with depth, except for older specimens (Table 2) . Juveniles appear more stenobathic than the rest of the population, almost exclusively inhabiting depths of between 200 and 300 m (Fig. 13) . With age, they gradually widen their bathymetric distribution to between 100 and 350 m at 5 years. If we compare the distributions of all ages globally (Table 3) , we see that there are significant differences among them. This indicates that the species does not maintain the same bathymetric distribution throughout its lifetime. A comparison between the abundance distribution of two consecutive ages shows significant differences in bathymetric habitat between the ages of 0 and 3. However, from 3 years on, significant differences are not observable in their distribution, indicating that a significant expansion in its bathymetric habitat occurs up to this age. L. whiffiagonis mainly inhabits depths of between 150 and 250 m up to 2 years, widening its distribution from that age onwards, mainly to shallower depths. As in the case of L. boscii, the Kolmogorov-Smirnov test shows that the abundance distribution of L. whiffiagonis is not associated with depth, except for older specimens (Table 2) . While the first age-classes are distributed throughout a smaller range of depths, as the individuals grow, they expand into other bottoms (Fig. 13) . A slight tendency to inhabit shallower waters as they grow larger can also be observed. A comparison between the abundance distribution of two consecutive age-classes shows that only ages 1 and 2 have significant differences in their bathymetric habitat (Table 3) . Therefore, it appears that the most important bathymetric displacement in this species' lifetime occurs at these ages. A global comparison between the distribution of 2-year-old specimens and older individuals does not show significant differences between them for any of the 2 years analysed, indicating that from this age on, their bathymetric distribution does not vary significantly. Finally, the yields obtained from the Spanish trawler fleet (Pérez et al., 1995) fishing in the north-east Atlantic (Figs 14 and 15 ) indicate a wide distribution for these two species, which are caught up to parallel 59 N. A greater presence of L. whiffiagonis was observed in ICES Sub-area VII, and yields of L. boscii in the north zone were higher, despite its being considered a more southern species.
Discussion
Data from bottom-trawl surveys conducted off the coasts of various countries on the Atlantic continental shelf would seem to indicate that the two species of megrim have different distributions, L. boscii occupying more southerly waters, L. whiffiagonis inhabiting the northern zone. The cohabitation zone for both species, with similar abundance values, would seem to be the Cantabrian Sea (Sánchez, 1995; . By the same token, surveys in the French region of the Bay of Biscay (Quero et al., 1989; Poulard, 1989) and in Sub-area VII (Boon, 1984; ICES, 1994) , show very low yields of L. boscii, leading to the conclusion that this species is very scarce in these waters. Nevertheless, yields from the Spanish trawler fleet (Pérez et al., 1995) fishing in ICES Sub-areas VI to XI are high, in the case of L. boscii, as far north as 58 N. This shows that on certain bottoms, the abundance of this species maintains the same level as L. whiffiagonis, despite the latitude, with a wider distribution than that estimated by the surveys in the ICES area. This may indicate either that the gear used in these surveys was not well suited to this species or that the sampling depths were limited and failed to cover their entire distribution area.
The fishing gear used in Spanish surveys presents certain advantages as a sampler of benthic species as opposed to GOV 36/47, considered a standard in the surveys within the ICES area (ICES, 1996) . This is due to the design of the ground-rope and the sweeps which work half-buried in the substratum and are more efficient at trapping benthic species. It has been estimated that the baka fishing gear is 3.3 times better at catching the two species of megrim than GOV . Therefore, the distribution of these species in the ICES area has been overestimated, as far as their relative abundance in Divisions VIIIc and IXa is concerned, with regard to the rest of the Atlantic continental shelf (ICES, 1994) . This is due to the fact that the abundance indices obtained by the two gears are included without modifications, although their efficiency in megrim fishing is very different.
The separation between Divisions VIIIc and IXa (Cape Finisterre) seems to be important as a southern distribution limit for L. whiffiagonis. This is corroborated by the low abundance indices estimated in the research surveys conducted in waters on the Portuguese continental shelf (Fernández et al., 1981) and in the Gulf of Cádiz (Sobrino, 1992; Sobrino et al., 1993) , with the same vessel and fishing gear used for the present study. However, L. whiffiagonis has been recorded as far south as the Mediterranean, and yields from the Portuguese trawler surveys were very low (Cardador, 1983; Silva and Azevedo, 1994) . Conversely, north of the Cantabrian Sea, the abundance of L. whiffiagonis gradually increases, reaching a maximum in the Celtic Sea (Poulard et al., 1993; ICES, 1994) , coinciding with data from the Spanish fishing fleet in this area.
Bearing in mind that the two species have similar characteristics, a certain degree of interspecific competition may be assumed. Segregation has been reported in the Cantabrian Sea (Sánchez, 1993 (Sánchez, , 1995 , on the basis of the bathymetric distribution of these species, with the most abundant of the two (L. whiffiagonis) occupying shallower (more productive) waters. The inverse phenomenon, with L. boscii occupying shallower waters in the Mediterranean, where it is the predominant species (Dwivedi, 1964) , may be due to a difference in diet: L. boscii mainly feeds on crustaceans inhabiting muddy bottoms (Rodríguez-Marín and Olaso, 1993) , as opposed to the other species of the genus, which is more ichthyophagous. Such bottoms appear in the Cantabrian Sea at a greater depth than in the Mediterranean, since the internal Cantabrian continental shelf has a rocky structure (Rey and Medialdea, 1989) . However, more recent data, showing a greater presence of L. boscii, seem to indicate that this species is predominant on all the soft bottoms of the continental shelf . Segregation of and competition between species may be the result of several niche aspects (depth distribution, diet, etc.). In the Mediterranean demersal fish community, Macpherson (1981) observed that the diet dimension is the most important factor contributing to the segregation of fish species, and also to the avoidance of possible competition. We have already noted that a possible cause of the decrease in L. whiffiagonis, which was the species with the highest abundance between 1983 and 1990, is its low recruitment strength in recent years. This gradual increase in abundance of L. boscii has modified the two species' distribution pattern in the zone. If we consider the first 2 and the last 2 years of the study period, we may see how the abundance and bathymetric distribution of L. whiffiagonis indicate that it is the predominant species at depths of less than 200 m during the first years. The progressively greater presence of L. boscii, which behaves as a eurybathic species, means that it currently dominates the entire distribution area, excepting shallower waters (less than 100 m), where we find older specimens of L. whiffiagonis, usually near hard bottoms.
No independent trends have been observed regarding abundance in the three ICES subdivisions considered in this study. This may indicate a degree of uniformity in the zone for these species. An efficient follow-up of the cohorts, based on indices from the surveys, indicates that they are extremely reliable. Weight yields evolve in a similar manner for both species, with abundance after years of good recruitment, and a drop in the indices after years of poor recruitment. This is due to the fact that the higher percentage of accessible biomass includes 1, 2 and 3-year-old individuals. Therefore, the high abundance rate of L. boscii in 1988 is due largely to good recruitment in the previous 2 years, and the drop in the abundance rates in 1991 and 1994 for this species can be attributed to the low recruitment levels of the preceding years. Abundance values for L. whiffiagonis remained high from 1988 to 1991. This was due in large part to the good recruitment levels in previous years, as 1 and 2-year class abundance in the following years indicates. The substantial drop in 1991 and the low indices recorded during the following years can be attributed to the progressive reduction in recruitment from 1988, which has relegated this species to second place after L. boscii. It appears that their annual trends coincide; this is probably due to the fact that, in their larval and pre-recruitment stages, they are subjected to the same environmental dependencies.
The differing sex ratios by length class, shown in the sex ratio curve for these two species, are due to the differential growth rate between males and females, as described by Landa et al. (1996) . The result is an accumulation of more smaller-sized males, and largersized females. The differential growth rate between sexes, typical of pleuronectiforms, may be due to the difference in metabolic activity, this being more marked in males, with a higher oxygen consumption (Pauly, 1994a, b) or a difference in feeding (more active in females), as found by Lozán (1992) for another flatfish species (Limanda limanda).
The higher number of females from 4 years upwards, as shown by the sex ratio curve by age-class, may be due to the difference between the sexes' mortality rate. Based on the estimated Z values, and assuming that the fishery acts equally on both sexes, it could be deduced that the females' natural mortality rate would be lower than that of males. This phenomenon is more patent in the case of L. boscii, where the estimated Z values for the same ages show marked differences between the two sexes. However, Beverton (1964) suggested that males are more accessible than females in the English North Sea plaice fishery, especially at spawning time. Rijnsdorp (1993) showed that fishing mortality is determined also by the increase in males' vulnerability during the spawning period. This leads to the consideration that the differences in mortality may be due not only to natural mortality, as in Scott and Scott (1988) and Cárdenas (1996) , but also to male megrim's lesser accessibility to the fishing gear; however, this has yet to be demonstrated. Migration to other regions is unlikely, as may be deduced from the low number of movements of the cohorts.
Juveniles of most demersal species in the study area were concentrated on bottoms located in shallower waters than adults were. This positive size-depth correlation is very common in fishes (Helfman, 1978) , and Keast (1978) has suggested that it may serve to minimize intraspecific competition. In the case of megrim, the inverse process occurs, since we find juveniles on deeplying bottoms. This may be due to the fact that they do not need pelagic organisms from the zooplankton, as do a large proportion of demersal species, which are semipelagic during their initial life stages. Previous studies on megrim show their independence of zones with hydrographic instabilities that foster the vertical interchange of organic matter (Sánchez and Gil, 1995) . Juveniles of this species mostly feed on detritivore crustaceans inhabiting deep-lying muddy bottoms (Rodríguez-Marín and Olaso, 1993; Olaso and Rodríguez-Marín, 1995) . This means that they go where these are found, which may partly explain the different age distribution, noted by Poulard et al. (1993) , in L. whiffiagonis between the Celtic Sea and south of parallel 48 N (a region adjacent to the continental shelf in question), in view of the different distribution of mud deposits on these bottoms. For this same reason, megrim do not follow the guidelines of many of the species inhabiting the study zone, juveniles being concentrated on the Galician shelf for feeding reasons, due to their substantial primary productivity, and adults on the Cantabrian shelf (Sánchez and Pereiro, 1992) . It appeas, therefore, that more bathymetric migrations occur according to age than geographic migrations, which is what we observed when following up the distribution of each cohort in the zone during the first three years.
